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CRITICAL EVALUATION OF ATMOSPHERIC POLLUTANT PARAMETERIZATION 
FHOM SATELUTE IMAGERY 

N. T. O-NeW*, A. Royw, L Huberl. CARTEL. UnlveisilA da Stierbrooke. Shetbtooke, Ou«., 
J. H. Mitot, J. Fieemanlte. CRESS, Yoik UnlvBjally, Downsvlew, Onl., 
Q. Aiulln, A. Davis, McOW Univeftlty, Uomiiai, Out. 




in spile of ovanufhalminQ advanl4B9t in spatial samptng density and spatial covAiage IhA ramolA 
sensing of aimospharic consMuanit repr«s«nls a monitoring methodology which la ollen more 
qualitalive than quanlllallva. The sensllivlly ol ailsMng techniques hx the Inversion ol saietuie 
imagery ddia It nol waD underslood in terms of dIscrlmJnaling conslltueni types and threshold 
levels of defecllon. The objective ol the presani sfiHiy was to simulate tfia almospherlcally 
scattered signal received b/ a satelllle sensor and hianca to evatuale the sensilivify ol this signaf 
fo almosplierlc aerosofs m general and lo atmospheric poUutanls lii particular. In Uia long term 
this type ol resaaich la ooarad towards the devalopmeni of on operational saleHlle monlloring 
system within the t»nlaxt of the long range transport of atmospheric pollutants (LRTAP^ 
programs. 

The simulations «i«rs parlormad as a luncllon of environmental, geometrical and operational 
parameter consiraints. Tlis envkonmenlal modelling Included the effects of urt>an and rural 
type aerosols where Ihe absolute and relative concenlratlon ol water aokiUe (sulphale) 
panicles was allowed to va<y and where porllde growA «nd relraclive Index elfects of relative 
humidity variations was Incorpwaled. ComUnad aerosol modes which Included fine panicle 
(sulphaia based) coarse particle (sllicale based) and absorptive aerosols (carbon based) were 
Incorporated as exiefnal jlndependenl) aerosot mitlures. Soma tests were performed In terms 
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ol Inleinal aerosol mlnlures in ordw lo evakisle Ihs sHecl ol Ihs mlxtuie assumplkin on iha 
lesiilis ol ihe senslUvHy study. 

Ths vartabMly of Ihe simulated signals Indlcals Ihal Inlorinatlon on the verllcany Ihlaqratad 
conlrlbulion ol submlcion scaiiedno and absorbing aerosols can be usslully etiracted. 
toasmuch as Ihe dominant optical vaiialions occur In Ihe lower troposphere this eilracled 
inlormalion can be correlated with o'ound level concentrations. Furtharmore, Invesllgalions 
Into Ihe dependence of the satellite signal on variations In optical mlKlr)g ratios willi ainiude 
Indicated a degree ol Insensilivity which tlgnlflcanlly slmplillss the radiative Iransler 
calculations and lha Inversion methodology. 

The optical ellects ol ground level sulphates (predominantly In Ihe lortn (NH^lzSOl) are 
strongly Influenced by Ihe ambleni reiallva humidity. This Is less an ettecl ol a change In 
refractive Index than an Increase In partlde size according to Ihe madianlsms ol droptal 
growth. Such Induced variations hi optical activity result In a ground level sulphals scatlarlng 
power which may vary tiy a lector ol 4 or 5 across Ihe naturally occurring range ol reiallva 
huraUty. The implications of this variation In terms of sateHlle remote sensing is Ihal one 
musi be aware ot the average atmospheric water vapour parameters in order lo obtain 
quantitative Inversions lor ground level sulphate concentration. As well the relalivB weai(ness ol 
Ihe signal tn dry atmospheric conditions represents • degradation laclor In terms ol sulfAate 
sensllivlly. 

The speclficily of coarse (speclraf) band remote aenstng for sulphBle dalectlon Is more a 
lunctlon of the dominance ol line partlde (water soluble) aerosols In terms ol optical eltecis 
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and In turn lha predominance ol lha sulphate fraction in the water sotutiie componenl At ground 
level lha optical contribution due to sulphates Is typically the largest parlicularily In 
condllions ol high relative fiumldlty and total extlnclion. Accordingly, even in Ihe absence ol 
Inlormalion relaling lo Ihe conMxition of other componenls one can extract an estimate of wet 
sulphate number density lo Wllhin a factor of 2 or 3. The extraction ol dry sulphate number 
density can then be pertormed given relative humidily Intormation. 

An improvement ol this ligure can only be obtained by (I) elfeclively calibrating ll>e salellile 
data with ground based concenlrallon measurements or (2) by employing multispectral and 
temporal data to eilracl Inlormalion on other contrlbullons to the satellite signal. The 
Btmospherlcally averaged aerosol slie distribution. In addition to the Integrated aerosol conienl, 
can be extracted H three or more absoipllon tree wavetetigths in the speclial (sgion tram OA lo 
2.5 microns are available. Inversions lor water vapour and NO2 conienl can be perlormed il 
measurements are made at two or mofe wavelengths straddling absorption pealis in Ihe near IR 
and near UV resfwctiveiy. 

Ths operational parameter constraints were keyed to the specillcations of selecled lamota 
sensing satellites which are allhor operational or wHI be by at least tsss. These Inciuded the 
NOAA and GOES meleorolagical saleKite series, lha Landsal and SPOT resource monitoring 
sateliiles. the ocesnographic sateHlta SEAWIFS. and the high spectral resolution Imaging 
speclromelers (MODIS and HIRISI which will l>e Incorporated into Ihe space station pacliage. 
The meteorological satellites oiler a relatively liigh rata ol Image repeiiilon over the same area 
bui are constrained to one or two coarse spectral bands and a large spatial resolution. The 
current SPOT and l.and$al tateliles acquire high spatial resolution Images (order ol lens ol 
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metais) al compaiallvQiy high spoclral rssolullon bul wllh ■ r^Mtillon cyds (order of weakt) 
which I* not suHed lo Ihs Itmg sc«la o) regional Irantport *ludlM. Th« neit generation ol 
r«(our» MielNiss SPOT-4 and SEAWtFS offer both • tpedral tetolution and t rapelllkm rala 
(2 days) which more ctosety approiknalea Iha requiremanis lor passive atmospheric ranwia 
sensing. Within the near luiure Ihe HIHIS and MODIS sensors possibly coupled wllh veiNcal 
sirucluie dala from the laser sourxler (LASA) represeni Ihe realisallon ol a Sensor package lor 
which one ol the malor desigr conslrakHs was Vie remote sensing ot almosphertc conslikients. 

A comparison ot radlallva Iranslgr models indlcaled thai the analylical 5S model developed by 0. 
Tanrd and co-workers represented Ihe mosl optimal comprlmlea of speed atvj accuracy In terms 
ot applying a pliet l>y ptiial Inveislon atgortlhm ki large saleRite Images. Comparison with a 
multiple scatlerlng. muHlple layer model damonstraled however that, tor certain geometrical 
conditions, tnveislon errors ol Ihe order ol .t In aerosol opilcal daplh could result. This 
necesshaied certain model refinement] which were lelalad lo Iha mannar In which aerosol and 
motocutar scstteiing were coupled. 
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Ciriibcatkin sMet and the temporal analysis ol repetitive satelMe Images. 

The sImulaikHi analysis was sulfk;ienlly promising to warrant a program o< simultaneous 
ground based, aJrtuma and salelUta measurements as a subsequent phase lo iha present work. 
This program should Include as wall iha acquisltbn and analysis ol high apeclral lasolution 
airborne data lo address Ihe spedlkdiy problem. 



The study also allowed that special algorithms were required lo overcome ditllcullles associated 
with Inveiskin singularities over surfaces whose refiectances were such that the ellects ol 
Surlace transml9sk>n and almosphertc scattering were counterbalanced. The extraction of 
atmospherk^atty scattered signals from Iha kjlat signal received by the satslttle sensor knplles 
some aprfcift kmvrtedge of the ground surface rellectanca ki Iha aaiallite bnaga. To a certain 
degree this raqulrament can bo ckrajtnventad by restricting measurements lo water bodies and 
by utilizing bands ki the near IR spectral regkMi. However to Kily etplalt the potanllat of Ihe 
satellite data requires a callbratten program Involving Ihe establishment ol rettectance 
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